Introduction
Titania has been known as photofunctional materials for photocatalyst [1] . Titania is also thought to be promising materials for dye-sensitized solar cells because of the high conversion efficiency and low cost for production [2] . The dye-sensitizer is the most candidate of solar cell in the next generation. In order to raise the solar energy conversion, it is necessary to fabricate nanostructured titania films which can efficiently absorb dyes as sensitizers in the porous surface area. Usually, the porous titania films for the dye-sensitized solar cells were prepared from deposition of titania colloidal solution followed by sintering at higher than 500 °C.
Poysilane has also been studied as photofunctional materials because it has absorption band in UV region due to the a-6* transition of Si-Si main chain [3] .
For developing new functionalities of polysilane, we have prepared various polysilane-silica hybrid thin films from sol-gel reaction using metal alkoxides and polysilane-acrylic or polysilane-methacrylic block copolymers [4] [5] [6] [7] [8] [9] [10] [11] [12] . It has also been found that the polysilane-titania hybrid thin films prepared by the similar manner gave numerous unevenness around 10 -20 nm at a few hundred nm intervals, which mainly consisted of porous titania component, after photolysis of the polysilane segments by UV irradiation [13] .
In this report, we have prepared titania films from the polysilane-titania hybrid thin films with various feed ratio and have examined the surface morphology using atomic force microscope (AFM) and the spectroscopic measurement of FT-IR, UV-Vis absorption, and fluorescence.
Experimental
P(MPS-co-MPTES) was prepared from photopolymerization of 3-methacryloxypropyltriethoxysilane (MPTES) with poly(methylphenylsilane) (PMPS) as a macro-photo-initiator [4] .
The structure of P(MPS-co-MPTES) was as following: Mn = 1.29x104, Mw/Mn =1.90, m =141, n = 26 ( Fig.1) , and = 338.2 nm. In order to stabilize Ti(0C2H5)4, it was modified with acetyl acetone (acac).
The sol-gel reaction of P(MPS-co-MPTES) with Ti(OC2H5)4 modified with acac has been reported in our previous report [13] .
Tapping-mode AFM was taken on a Digital Instrument Nanoscope IIIa. Contact-mode AFM was carried out using a SEIKO Instruments SPI3700.
UV-Vis absorption spectra were measured using a Hitachi U-3210. Florescence spectroscopy was performed using a Hitachi 5-4500.
FT-IR spectra were obtained using a Nicolet Impact 400.
Refractive index and film thickness were measured by ellipsometry using a ULVAC ESM-1 with a He-Ne laser.
Results and Discussion
We have prepared homogeneous polysilane-titania hybrid thin films with various feed ratio of P(MPS-co-MPTES) ranging from 9.1 wt% to 75 wt %. The film thickness was 0.05 -0.2 µm. Each of hybrid thin films was transparent in visible region. Fig.2 shows FT-IR spectra of the polysilane-titania hybrid thin film (P(MPS-co-MPTES) = 50 wt%).
The polysilane-titania hybrids consisted of covalent bond between polysilane block and titania matrix through Si-O-Ti, which was confirmed by absorption peak around 920 cm 1 [13] . The shift of ester-carbonyl absorption from 1728 cm' to 1725 cm'' suggests the existence of hydrogen bond with Ti-OH. This hydrogen bond seems to contribute to fabricate the homogeneous polysilane-titania hybrids as well as the covalent bond. The absorption peaks of coordination bonding between titanium atom and acac appeared at 1 585 cm' and 1 525 cm"' in the FT-IR spectra. The acac, however, could be removed without degradation of the polysilane block by aging the polysilane-titania hybrids at 200 °C under N2 gas flow as shown in the FT-IR spectrum, in which the absorption peaks at 1585 cm1 and 1525 cm"' decreased (Fig.2) .
This fact has also been confirmed by the results of GC-MS equipped with evolved gas analysis [13] . Fig.3 shows UV-Vis absorption and fluorescence spectra of P(MPS-co-MPTES) film (Fig.3 (a) ), polysilane-titania hybrid thin films (Fig.3 (b) and (c) ), and titania film (Fig.3 (d) ). The polysilane-titania hybrid thin films had a board absorption band at shorter wavelength of 350 nm. In the fluorescence spectra of the polysilane-titania hybrid thin films, there was a luminescence around 360 nm due to the polysilane chain.
The existence of luminescence suggests that photo-induced charge transition was almost suppressed in the polysilane-titania hybrids.
In general, nano-or meso-porous structures of titania thin films were required for photocatalyst Fig.2 . FT-IR spectra of polysilane-titania hybrid thin films (P(MPS-co-MPTES) = 50 wt%). Fig.3 . UV-Vis absorption and fluorescence spectra of (a) P(MPS-co-MPTES) and (b) polysilane-titania hybrid of P(MPS-co-MPTES) _ 25 wt%, (c) 75 wt%, and (d) titania film. materials because such a porous structure gave large surface area as a reaction site.
The polysilane-titania hybrid thin film (P(MPS-co-MPTES) = 50 wt%) possessed relatively flat surface (Fig.4 (a) ), and it gave numerous unevenness around 10 -20 nm at a few hundred nm intervals after removal of the polysilane blocks by UV irradiation and soaking with 2-propanol (Fig.4 (b) ). Furthermore, after aging the titania films at 700 °C, the numerous unevenness was split into some convexes around 100 nm (Fig.4 (c) ). This is possibly due to the removal of residue of organic part such as, methacrylic segments, acac, etc.
The polysilane-titania hybrids with a small amount of polysilane block (P(MPS-co-MPTES) = 25 wt%) also had flat surface (Fig.5 (a) ). However, after UV irradiation, it gave numerous holes with calm roughness (Fig.5 (b) ). These results of the AFM measurements suggest that the surface morphology of titania film can possibly be controlled by varying the feed ratio of polysilane/titania.
Conclusion
we have prepared polysilane-titania hybrid thin films with various feed ratios of P(MPS-co-MPTES)/Ti(0C2H5) 4 From the florescence spectra, it was found that there was no photo-induced charge transfer in the polysilane-titania hybrids. The polysilane-titania hybrid thin films have been applied to prepare porous titania films by photodegradation of the polysilane block and removal of decomposed polysilane segment. The porous titania films prepared from polysilane-titania hybrid (P(MPSco-MPTES) -= 50 wt%) gave splitting the numerous unevenness into some convexes around 100 nm after thermal treatment.
